Ta-capped samples is much similar to the Ag-capped ones, but the dependence for SiO 2 -capped sample is more like the uncapped case. Based on diffusion creep, the good adhesion between Ta and Pt provides a stable interface, suppressing out-diffusion atoms and blocking the diffusion paths along grain boundaries, as the Ag/Pt interface does. In contrast, the adhesion between SiO 2 and Pt has long been known very poor due to the inferior affinity between noble metal to oxygen. 3 Although the Co/Pt MLs is fully covered by SiO 2 , the SiO 2 /Pt interface with poor 7 adhesion may still behave as an out-diffusion atom sink. Consequently, the grain boundary diffusion cannot be impeded by SiO 2 passivation layer with poor adhesion, which is similar to the case without capping layers. Therefore, both the Ta-capped and SiO 2 -capped cases can be explained by the diffusion creep to support the mechanism we proposed for modification of magnetic properties.
Furthermore, because different capping layer may contribute to different degree of stress relaxation and magnetic properties, the magnetic patterning can be achieved by choosing proper combination of capping materials, for example, Ta and SiO 2 , which are both widely used in BEOL process. Therefore, by pre-pattern Ta and SiO 2 capping layer on magnetic devices, the magnetic patterning can therefore achieve by
Joule heating annealing even after the magnetic devices are sealed by IC packaging. 
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Supplementary Note 1.
Explanation for the dependence between 1/V act and H n by curling mode of nucleation process. The linear dependence between 1/V act and H n , as shown in Figure   3 (e), can be quantitatively described by using the curling mode for nucleation. 4 The curling mode is a mode of nucleation with a plane of curling spins in nuclei. Based on this curling mode, H n can be expressed by the following equation,
where K is the crystal anisotropy energy, D is the demagnetizing factor, c(D) is a constant determined by the different shape of the nuclei and the type of the curled spin structure, A is the exchange stiffness, and R is the radius of the curling plane.
Because the Co/Pt MLs in our case is a sheet film with perpendicular magnetic anisotropy, we presume that the curling plane should be in the plane of the Co/Pt ML film; therefore, the V act for nucleation based on the curling mode can be estimated by using a planar volume of R 
Supplementary Note 2.
Evaluation on the contribution of magnetostriction effect. Since the stress state is changed after RTA, we would like to evaluate the contribution of magnetostriction to the change of K eff and H n . We extract the largest observed change of stress (~13×10 8 dyne/cm 2 ) from wafer curvature together with the magnetostriction coefficient () of Co/Pt (3×10 -5 ). 5 The estimated K eff is -6×10 4 erg/c.c., which is relative small and opposite to our observed enhanced H n after RTA. This result confirms that the change of H n is not due to the change of anisotropy from magnetostriction.
Supplementary Note 3.
Discussion on the posibility of magnetic properties modified by Ag diffusion.
Here we discuss the possibility that the observed magnetic property changes originate from Ag diffusing into Co/Pt MLs. If the bulk diffusion of Ag into Co/Pt MLs occurs, the multilayer structure may be destroyed by Ag mass flow, accompanying the reduction of K eff . However, both the satellite peak intensity and K eff are almost identical for uncapped and Ag-capped samples with the same T ann . If grain boundary diffusion takes place, the additional Ag atoms at grain boundary may block the Co-Co direct exchange coupling between grains and lead to smaller V act with higher H n compared to uncapped cases. 6 However, we found a larger V act and smaller H n for Ag-capped samples than those of the corresponding uncapped ones, which is contrary
